Abstract. Based on kinetics equations and Euler's equations, the new organized 2PPPPS-R-2PPPPS serial-parallel manipulator conducts a thorough force analysis of each jointed point of the whole mechanism. Given the position and orientation of the manipulator, applied force on the output shaft, parameters of motion of output shaft and connecting bar and sliding block, we can obtain the inverse solution of force screw of each input jointed point can be found by applying theory of wrench of multi-rigid body. Subsequently, effective data is to be visually presented via computer programming and graphing.
Introduction
The moving joint of the serial manipulator is connected in sequence so that the drive chain is longer, thus the joint accumulative error is larger, and the stability of the manipulator also decreases. [1] . But its kinetics positive solution is simple, the coupling degree of each joint motion is small, and the control is simple, each shaft is controlled by Cartesian coordinates, and the adjustment and correction are relatively simple and mature. The manufacture of serial manipulator is complex, and the cost is higher. The parallel manipulator has the advantages of high stiffness, strong carrying capacity, compact structure and high position accuracy [2] , which is complementary to serial manipulator. Nevertheless, due to its complex kinematics positive solution, large possibility of coupling of kinematic branches, it is less applied in the actual production activities.
Based on the advantages and disadvantages of the aforementioned serial manipulator and parallel manipulator, a 2PPPPS-R-2PPPPS serial-parallel manipulator is constructed (as shown in Figure 1 ), which has the advantages of large workspace and simple control of motion joint [3] . At the same time, it also has the advantages of parallel manipulator with high stiffness, strong carrying capacity and high motion accuracy. In this paper, the kinetics inverse solution of the mechanism in the given the position and orientation of the manipulator and the motion parameters of every constructional element of the mechanism are analyzed by establishing the kinetics equations and Euler's equations of the mechanism. Besides, when the position and orientation of the mechanism is given, using the multi-rigid body screw theory [4] [5] [6] , the known force screw at the output of mechanism is used to reversely solve the way of force screw of inputting each hinge point, and then we can make a thorough study of the mechanism. Figure 1 . A series-parallel mechanism and its spatial force diagram.
Kinetic Analysis
When given a diagram of the position of each mechanism hinge point in the space and the orientation of the output spindle in the space (as shown in Figure 1 ), force and torque at the end of the mechanism output spindle can be expressed as a space force F and a torque M of revolving shaft. According to Newton's law of motion and Euler's equation [7] , the inverse kinetics of the mechanism shown in Figure 1 is solved [8] .
It is assumed that the output moving platform branch of the mechanism is 4 1 a a and 3 2 a a , and their length are both d , because of the special structure of mechanism, the moving platform branched chain
is always in a plane 14 P , so the moving platform branch 4 1 a a in the plane can takes 1 a as a fulcrum (as shown in Figure 2 )to obtain an Euler's equation as follows: are the forces acting at the moving platform hinge point 4 a , which are the three components along the
axes respectively of the spatial fixed coordinate system. And
are the forces acting at the center point P of moving platform, which are the three components along the
axes respectively of the spatial fixed coordinate system. α is the angle between the connecting rod 4 l (that is, the z axis direction in fixed coordinate system) and moving platform branch 4 1 a a . The projection in the plane 14 P of components axes respectively that are the forces acting over the hinge point 4 a , so the y a x a 4 4 , β β are the angles between the projecton and the moving platform branch 4 1 a a . The projection in the plane 14 P of components
along the y x, axes respectively that are the forces acting over the center point P of moving platform, so the 1 a and the branch is also parallel to the normal 14 n of the plane 14 P . The moving platform branch 4 1 a a can takes the center point P of moving platform as a fulcrum, and the branch around the axis n of the output spindle (as shown in Figure 3 ) to obtain an Euler's equation as follows: Thus, you can know that the formula (1) to (3) contains unknown variables, according to the formula (1) to (3), they can deduce provide eight equations, so we can obtain the expression form of matrix:
The force Jacobi matrix J in equation (4) is the matrix that consists of the coefficients of eight unknown variables in formula (1) , b is a column vector consisting of a known item that does not contain unknown variables in the formula (1) to (3) . When the mechanism is given a spatial position and orientation, the external force F of the output spindle and the external torque of a couple M are all known, and the Jacobi matrix J is nonsingular matrix. As a result, we can obtain a uniquely definite solution.
Statics Analysis
When given a diagram that shown in figure 1 known the position of each mechanism hinge point in the space and the orientation of the output spindle in the space [9] [10] , the force spiral at the end of the mechanism output spindle can be expressed as a space force F and a revolving shaft, also as a torque of couple M at the same direction. Because of the special structure of mechanism, the force components along the z axis at the hinge points 
As shown in Figure 5 , the torque equilibrium equation of the output moving platform around the x axis can be obtained: 
From formula (5) to (8), we can obtain the expression form of matrix:
The force Jacobi matrix J in equation (9) is the matrix that consists of the coefficients of unknown variables in formula (5) , b is a column vector consisting of a known item that does not contain unknown variables in the formula (5) to (8) .
When the mechanism is given a spatial position and orientation, the external force F of the output spindle and the external torque of a couple M are all known, and the Jacobi matrix J is nonsingular matrix, we can obtain a uniquely definite solution.
Summary
The traditional parallel machine tools, because of its complex structural forms and its limited work spaces, and because of the coupling phenomenon, there are a series of problems such as the difficulty of control algorithm. Then a new form of 2PPPPS-R-2PPPPS serial-parallel manipulator is proposed to compensate for these shortcomings, at the same time, it can also meet the actual demand in the ustry production fields. We passed by the Newton-Euler method to inverse solution of kinetics analysis for mechanism, the static analysis of the mechanism is carried out by using the knowledge of force spiral theory, and using the computer programming to analysis and derivation the results, a very intuitive diagram of inputting the force and torque to each hinge point are given under the given conditions of mechanism, it lays the foundation for further research. At the same time, the mechanism not only has some advantages of the series mechanism, but also inherits some advantages of the parallel mechanism, and it is a mechanism with the value of research and practical application. With the further development of the research work, complex machining problems such as the space camber processing will become a good application field.
